We have observed filaricidal properties of two triterpe noid saponins acaciaside A and acaciaside B isolated from the funicles of Acacia auriculiformis. The saponins when tested on Setaria cervi transplanted in rats were found effective against both microfilaria and adult worm (1) . The drug killed in vitro 97% microfilariae of S. cervi in 100 min at 4 mg/ml concentration and 100% of adults in 35 min. An ethanol extract obtained from the funicles of the plant, which contains saponins, when administered orally to pariah dogs naturally infected with Dirofilaria immitis proved effective against both microfilaria and adult worm (2) . Cestocidal activity of the saponins has been shown by Ghosh et al. (3) . The drug was tested on rats infected with Hymenolepis diminuta. Adult cestodes were expelled within 5 days from rats treated with the ethanol extract of A. auriculiformis and within 3 days from those treated with saponins. Saponins are known to interact with membrane thus inflicting membrane damage (4) . Acaciaside A and acaciaside B are unique molecules because they contain a conjugated unsaturated system which is highly susceptible to peroxidation. This promot ed us to investigate the interaction of saponins (acaciaside A and B) and membrane, with rat liver microsomes as our model to understand the mechanism of action of the saponins. We used rat liver microsomal membranes as our model because the filarial glutathione peroxidases are reported closely related in primary structure to the secret ed glutathione peroxidases of mammals (5) .
Rat liver was perfused with 0.6% NaCl to remove blood from tissues and then dissected. The weighed liver was homogenized in 250 mM sucrose containing 10 mM tris-HCl at pH 7.4 using a glass teflon homogenizer to prepare a 20% homogenate. The homogenate was then filtered through a double layer of cheese cloth to eliminate fat and other cell debris. All the steps were carried out at 4 C . CaC12-precipitation, followed by differential cen trifugation were employed in the isolation of microsomes (6) . The filtrate obtained from the homogenate was cen trifuged at 12,000 x g for 10 min. To the resultant post mitochondrial supernatant (PMS) solid CaC12 (8.0 mM final concentration) was added and thoroughly mixed un til homogeneity for complete aggregation of microsomes. The microsomes were sedimented by centrifugation of the CaC12-PMS mixture at 25,000 x g for 15 min (L7 55 Ultracentrifuge;
Beckman, Palo Alto, CA, USA). The pellet was then washed by resuspention in an adequate volume of wash buffer (10 mM Tris-HCl, pH 7.4, con taining 150 mM KCl) and resedimented at 25,000 x g for 15 min. The resultant opalescent pellet was resuspended by gentle homogenization with a teflon pestle in a small volume of wash buffer to obtain the microsomal sample. Air-dried and powdered funicles of A. auriculiformis were successively extracted with petrol (601C 80 *C) and 90% ethanol. The ethanolic extract was chromato graphed on silica-gel with petrol, petrol-chloroform (1 : 1), chloroform, chloroform-methanol (9: 1, 7:3, 3:2, 1 : 1 and 2 : 3) as successive eluents. The chloroform methanol (7 : 3 and 3 : 2) eluates were found to be com posed mainly of two compounds that were separated by repeated preparative HPLC employing a Spherisorb S 10-ODS reversed phase column (Sigma, St. Louis, MO, USA) with the solvent system methanol-water (7 : 3). These two solid compounds designated as acaciaside A and acaciaside B according to their increasing order of polarity were found to be triterpenoid saponins by Liebermann-Burchard, molish and froth tests. Their chemical structures were established by fast-atom bom bardment mass spectrometry (FAB-MS), 1H and 13C NMR spectroscopy and by chemical transformation (7) (Fig. 1) . The mixture of acaciaside A and acaciaside B, which is water soluble, was used for testing its effects on lipid peroxidation.
To study the effects of saponins, rat liver microsomal membranes were incubated with saponins at two different concentrations, 1 and 2 mg/ml. The 1.5-ml incubation mixture containing 50 pl microsomal preparation, 20 pl saponins and 1.43 pl of Kreb's Ringer bicarbonate solu tion (0.6070 NaCI, 1.15% KCI, 1.22% CaC12, 2.11% KH2PO4, 3.82070 MgSO4.7H2O, 1.3% NaHCO3) was incu bated for 2 hr incubation at 30 C . The mixture was then centrifuged at 25,000 x g for 15 min and the pellet was redissolved in 1.5 ml washing medium from which 0.5 ml was used for malondialdehyde estimation and 1.0 ml for the conjugated diene assay (8) . Cadmium chloride was used as a standard toxicant because it is known to in crease peroxidation in isolated hepatocytes (9, 10). Malondialdehyde (MDA) was estimated by the method of Buege and Aust (8) . Briefly, 1.0 ml of microsomal sample (0.1-2.0 mg of membrane protein) was combined with 2.0 ml of trichloroacetic acid thiobarbituric acid HCI and mixed thoroughly. The solution was heated for 15 min in a boiling water bath. After cooling, the floc culent precipitate was removed by centrifugation at 1,000 x g for 10 min. The absorbance of the supernatant was determined at 535 nm against a blank that contains all the reagents minus the lipid. The MDA concentration of the sample was calculated using an extinction coefficient of 1.56 x 105 M-1 cm-1 and expressed in terms of nmol MDA/mg protein.
The procedure of Buege and Aust (8) was followed for the estimation of conjugated diene (CD). Membrane lipids were first extracted by mixing 1.0 ml microsomal sample with 5.0 ml mixture of chloroform : methanol (2: 1). The mixture was then centrifuged at 1,000 x g for 5 min to separate the phases. Most of the upper layer was removed by suction, and 3.0 ml of the lower chloroform layer was taken in a test tube and evaporated to dryness in a 45V water bath. The lipid residue was dissolved in 1.5 ml of cyclohexane, and the absorbance was measured at 233 nm against a cyclohexane blank. CD concentration of the sample was calculated from an extinction coefficient of 2.52 x 104 M-1 cm-1 and expressed as nmol CD/mg protein.
The effects of saponins on the microsomal MDA and CD are shown in Fig. 2 . The data are reported as the mean±S.E. of triplicate assays. As shown in Fig. 2 , in cubation of microsomal membrane with saponins at both 1 and 2 mg/ml increased malondialdehyde, a stable end product of lipid peroxidation, by 78% and 127%, respec tively, indicating that saponins increased lipid peroxida tion in a concentration-dependent manner (P<0.01, ANOVA). Cadmium chloride, a known toxicant that causes membrane damage by peroxidation, increased the malondialdehyde by 93%. Figure 2 shows that incubation of microsomal membranes with saponins led to a marked rise in the formation of CD compared to that of the con trol (P <0.01), but this rise was not concentration-depend ent. These data (Fig. 2) clearly indicate that saponins can enhance lipid peroxidation in the membrane, consist ent with the observed activity of the microsomal mem brane MDA and CD. While discussing the antifilarial effect of saponins, we proposed that the action of the drug on microfilaria and adult is direct and independent (1, 2). The mechanism for the saponins induced antihelmintic effects has not yet been studied. Peroxides can lead to the formation of reactive oxygen species. Since the 21 glycoside linkages of acaciasides contains a conjugated unsaturated system that is highly susceptible to peroxidation, we suggest that the conjugated unsaturated system is involved in producing the damaging effects of saponins, probably by resulting free radicals that labilize the parasite membrane through peroxidation. We used rat liver microsomal membranes as our model to study the interaction of saponins and membrane. Our results suggest that such an interaction may also occur between the parasite membrane and sapo nins in vivo. As shown in Fig. 2 , saponins have clearly enhanced the membrane peroxidation in terms of both MDA and CD. The increased rate of peroxidation may lead to the formation of peroxyl radicals that may react with the lipid, possibly by hydrogen abstraction. The specific activity of saponins on the parasite in vivo may thus be ascribed to its peroxidation, a stereospecific reac tion that normally occurs smoothly for less hindered sub stances. Artemisinin, a standard saponin, has been shown to produce activated oxygen species and lipid peroxida tion in vitro (11 
